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(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent vacancy defects 
from being caused by adding nitrogen and thereby to 
produce a heat-treated substrate having a high quality 
surface layer of denuded zone(DZ) in the production of a 
silicon single crystal substrate by a Czochralski method. 

SOLUTION: In this production, nitrogen is added at the 
time of producing a silicon single crystal by a 
Czochralski method and the produced silicon single 



crystal contg. 1x1013 to 1x1016 atoms/cm3 nitrogen is 
subjected to heat treatment to produce a semiconductor 
substrate in which the density of crystal defects each 
having a ==0.1 nm size (expressed in terms of the 
diameter), in the region ranging from the surface of the 
substrate to a 1 (P depth, is a104 ((number of 
defects)/cm3). Thus, the objective substrate having an 
almost defectless surface layer of denuded zone(DZ) can 
be produced and a wafer that enable a high 
manufacturing yield of a device, can be provided. 
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(57) [Rift] 

[SSI ^a^^^X^-^CCcfcS^'^ 

MJaWKMRtaSWU. ^ B e B *«: 1 x 1 0" a t o m 
s/cm 3 J^±lxl0 1 'atoms/cm J KTM 

*im*-e©«W«:to^r. BSftjrco. 1 **mfiLk© 

ftaWB©«*^l 0 4 {B/cm 3 JUT*?****** 



(2) 



ftmZO 0 0-26196 



S 1 um*'Q<Dffl$X.*i^X. ag&ITCO. 1 MinJii 
±©feS^RS©SS* J 1 0 4 I/cm 1 «™^Ci 

[ siatg 2 ] i"J3 :/¥iJH£S&<DJ5# ^frKi *s » 5 
gflSWfitf'l X10"at oms/cm 3 J&Lhl x 1 
O^a t oms/cm J WT-Cfe^ii^liB^^'J 10 

[ If 301 3 ] ->'J3 >3H§<*S*©3*^r Jt# 1 x 
1 0**a t ois/ci' feiTr&O. a>-3fg»$tp£ 

&&© 2 fgjjLh©M-^^s^^^®*T {c <fc * 
<tm^-r znum i tats©^ u =» 

[ M3&B 4 ] i"J3 >2|£i§#S«© fl»*'MC ** w £ 
S^Wfi* 1 lxlO^atoms/cm' WJt 1 x 1 
O'-atois/cm 1 WPe*»), *>o«E»«tt>*— 

g© 2 ««±©©#3j«**rsBR«JWfK«fc zmmt 
mzm? zmtm i iets©-> o =« 

[IS30S5] ^3^;u**-?£X«^SE|JM?-3^ 

*$W 0 . 1 m m^iO^al^RKOSSBS* 5 

H/cm' J^TT*«D. 3^-oSS*ffid 5 6aiS 0. 1 
H m CCfcW S 0 . 1m mJi{±<D*£ a E ir:Xl i @©# 

awa&fj^Rjl^^KJt^ 1 KfiTFT* 9 . S^CCS 30 
ffiMfrtp>bltisVZ>mm3^*ft 1 x 1 0 13 a t o m s 
/cm 3 «±1 xi0*'at oms/cm 3 WTt&^ 
C £ iT^'J3 

] 1 x l 0" a t oms/cm 3 W±l . 
5xl0 ,, atoms/cm 1 &,T<D^M^^lT^>iy 

fc-> 3 >¥2£&«>££. 1 0 0 0 -CULL 1 3 0 0 -cu 

t©©s-c i mmtmi&tt zct ttsvj 

[BI3J3S7] 5/y3>JWSS**3*^* ! »r--£X 

_BIg£V (mm/iin) , S"; n >©Mj&*» 1 3 
0 0 ^^©aTOHKfcWSSIiW^©**^!* 
£JE©¥$MiI*G CC/mm) £TS££. V/G^ 
0. 2 (mm' /"Cm i n) WEST & 

maos 6 lets© ^ ym&fcmmnm&fiW:. 

«6 X&ifWSS 7 IB*S©-> a >¥»f*lt«©Kj6* 

& 5C 



[»«3I0] Sl*0. 01vol%tl±100vo 

i x fitT*irr & * * wbshjp -emmm u /cm. s 6 k 

S««®*0. 5umtLLl. OMmWTW^ft/T:. » 
1gH®£i§ffl£ f 6 X««*il7 iEt£©*> 'J => 

[000 1 ] 

fa±Str*~> -J 3>¥3*fl^Rtf*©Si6:^<cH-r 
[0002] 

fPFja*3l*i@CU a«#©ttaK^BE«:J: 9 

"C. COP (Crystal Originated 
Particle) tmXtiZX1&&&B SfttUS. 

sb, cOi^fcffiin-Cl^. COPittC©i5«c« 

^3^?^^+- ccz) mbL<tzmmztwsautcc 
zajci offi??nfci/V3>iMstii > c©^ps© 

fiSK ww^c cop* a t > »ifi» s * sew £ o 

[0 00 3] cop*ffi«S*stt«£br; ^S^W 
at©«W5ttJWEfiaa*0. Smm/minPiTitS 
C£*%6n-Ct»S (!}#ia^2-26 7 l 9 
«) . Ctitt; S?LXPB*ff*»3Rr*SS?LSL^IIS 

(vacancy) ©JSSfiSifi^ffirwSIAS?:!^? 
S/c#ifeH B H ©^iP^^ J f>*^fe©<t^ac£^ 

.to. ^*K^rsii«wasjiaj^* (va c 

ancy)®mH^fe(DTM. O^Ote* 1 ^. 

< £ £ 6 . - 7m<r> c o p £ i38>ja©tsa > xffi 
* ^ $ € i> £ « *> m s*i * a . 
[0004] cop«a*?»iW-r<saw£U'rtt. ¥^ 
a©»a«wtt©iW8P. ^cc^ B a a *^ 1200 -c*>6 1 
o o o'C(D-&m.wmzmM?z&fK<»u®* i: &to~c$> : z> 

Ct&mhtiXi,** (^g§¥8- 1 2 49 3#&8L 
ga^8-9 1 9 8 3#m #19^9 -2 2 7 2 8 9^ 
5r#8) . Cti?.©S'rf5«. *Bfl©fiSfiiaiS*^:* < <£ 



0PffiS©<i«TISB8l*a 1 0 1 My cm' 

0. Mft*<B«. 0«*.tflO 4 I/cm' WTOSfa* 

C 0 0 0 5 ] * fc. C 0 Pffi&Biffit UT*S b %Wj&B$ K 

teii£#±p-f 5 o°c~ i i o o*c©sfifSffl-c© 

>; =3 >*jts*fffiS o . •eoaj' ^kidi« 
iooo *cfeU:©s^r i H#ra «±&&s-r sssfi* 1 ^ m 
&nri»« «MWi o-98047#&«) . cn 
«. «awa»K«*-«-scop©ii--/x»«r*j:o^ 

Sia#«cs/7 hStt»ciK:J:DIK«ffll©IB«:XIB*M 
»stt*-r<-r3«*r**. c©im 

fa?7W+-artffi^47-10x 1 0 l7 /c 

[0006] Ifc, **s rwrbsoc O P <g?£e$SJ*w 
aaa^r* c i (c* o . a«*ffi©c o p zism • mm 

Stt5S»&Mn6tvrir»S. ^¥3-2 3 3 

9 3 6 tt. 800^1 2 50^10 BttnfelT 

C ©<2^R©*6S^I{C^ 3 *VC t» & BH k^Hmr^MS^ 

^w** <t 4 1 tc. mmkmfr i a mcefflft© 30 

COPSa^lO 1 i/cm J «Tit4CiBl»r 

&&. ttc, &mm5 9-2 0 2 6 4#a«Ktt. 
#B«*Ti^aTSc£a j &3£3ftrt,>-5. c©^ffi 

85»Stf. *ofilB*6 0. 5(im^OCOP» 
10* i/cm 1 WT4T*C4*sr»*a«. ^ffi#><E> 
SfcK^Wfl-OCOPa&a* 1 0' M/cm J HT& 

r s c t w-c* r. *w *fB8©«£*» ^> «s&xm 
©?^fiS*«=F^-e*-5. 3 6k:, c©*ffi-ei*. *St£ 

[0 007] i/'J3 >©^iBS/i)cS©SS(C^3R*aS«lT 
5C£KOC»T. »fln^ec|*t,Ttt«HBB6 0-2 5 

1 1 9 0#4^R^*s*n6ti-cc»-s. 

> < f z ) *sisaK*iwsaBR»jroai*i i^t. ^pbs 

5 7- 1 7 4 9 7-f-<a$S^«l(iieB^S©i«Jn* 1 . «M 
¥8-9199 3^«(a»6!a*©9'{t*#*.a#ffi 

*£fctt. «*«W*C±K.fcOCOP*l6tf/lvS 



$#[1820 00 - 2 6 1 9 6 
4 

(The Electrochemical Soci 
ety Proceeding Vol. 96-13, 

PP 1 1 7, 1 996) C©^^-XA(COt,> 
IB. F ZISfi^oaTia^ai (vacancy) *W 
W-r*©iBI*fl:^*-XA#c Zlifl©*&«:fett 

[0 00 8 ] 

& DISK* 3 *A:5/ 'J =« >5NI»»RSCf * ©iJJK&ffi 

C £ £@lft4-r-5o 
[0009] 

>40M&KO 7*^ A *fMHW*CH«4 ft S * 1 3 © 
j& 3 -t±;fc4> ©-?$>£. 

[0 0 1 0 ] Hits. *«Wtt. f-s*^***- <C 

z ) mxitmmmac zmtcz k> aatfcs/ v a >mm 
aa> 6»yt 2/ 'j 3 >¥8*t**«r * -or, 4>ft < t i>m 

0. 1 umfcLt©igA*fiB©^£*H 0 4 ffl/cm* 61 

Mic»s u < t*ltrsa-> y :^>i^^&»g©Jl«^^*'l:^K:*i 
^:r<5g^W■:# J 1 x I0"a t oms/ci 1 feLh 1 
xi0"at o ms/cm 1 JWT"C**^ y r3>^«: 

s«-c*€>o mriB^y ^ y^m&mm 

O^f^Wl* lxiO"atoms/cm J J^T, 4* 
(Cixi0 15 atoms/cm 3 feLhlx 10"ato 
ms/cm 3 l£JL~F~C$) 0 . rt^fiEffigcpSr-^^lt 

«»#fj*-c«c£ u^aisjsiftEfcw, &■£© 2 «jw 
±©M#?ss%^-r^(s«ffc «fc zmm&imzm? z 
>>y=i>^»a«r*5. 
[001 1] sfc. $^tt c zsxiifiHiEnJpc z 

8WC0 . 1 a m«±©^^K5©SS5S^ lli/cm 
« WTr*y. ^o^SSffi^^^SO. 1 umKfcW 
SiSS^#-C0. 'l Mm«±©ife H ^XI i i©*SSgS* J S 
«**f4».&«cJt'< 1 %HTt* »3 . 3 hlcWBM&*>b 
KfeWSSBR^fiT*** lxi0 13 atoms/cm J fe{ 
lixio-'atoms/cm 1 «Tt* 4 C <»: 5r^Si 

t-r*^y:3>¥«f£Sffi-c**. ccrtoiiss^RB 

{C$*n-Si©iU-CB^?L^PS. MJRWai*. IS/IX 
fig i'© t 1 ^ Y x*&©HH <k ft S *> 6 fl> 5 feS^PS * 

mr. 



[00 12] Sfc. #3HBtt. lxlCatoms/ 
cm' till. SxiCatoms/cm' tlTOS 
£££Wf *f 'J n^jg'&ffl^rc Z&XttS&iSEPtin 
C Z&ttcfc 0 Wfi£Uftr>y 3>itM§Hd>6?#fc>"J 3> 

^ftSis^ 1000 -c«± 1300 'mr<D&g.-e 

1 fiSF^ _h&#iinr 5Ci £#8k <t iT £ is ') n 

Xtt®i§En^CZ£iCcfc9WJ&T£l£«:. 3l_bIK£V 
(mm/min). >©H£# 3 6130O'C$t 

©^!5BK&ttS3l±$iii#fi©&llfiM£^ia©¥fcJ io 
<B£G CC/mm) £-TS<h#. V/G>0. 2 (mm 

1 /-cm i n) ^m&-r^^-cmmt^cttm^L 

^a-r-sct, hb<it, mmzo. oivoina 
noovoi %trF£^w^&#*#B^4 i ri&&is 

L/fc&*«StW£0 . 5Mm«il. Oum^TIgl 
[0013] 

[^©IWS©^] «T«:, *^(co^TI¥fflCcm 

[0014] tj 3 ymm&mmz* czmx 

e,ai3i Mm s-co»^c*j^r. figgyrco. 1m 

m«Ji©M^:RSOSS*U 0 4 fH/cm 3 

zt&sm-c&Zo >- y 3>^#*&©^ 

fi&&#"C0. 1 Mml^_h©A-#3£lf-3 4>©r& 

W^mSTW^ HMa>6i£S 1 Mmi-CCD«^O^RI*i 
ifcll* 9 < Jg#f S/cS>. < t bmmm& 

*iKfr±rs£. ^iasi Lr«»aa?st? 1 0< ® 

/cm 1 kTFT£>*i« 1 cmx l cmx l uraOW.^ 
XRS HlOfd-^rS) 0 > ^©fv-^*©**?*:^ 

[0015] Slfc. 3 6«C**W©^ 'J 3 40 
tt. JKR»* t t»'0'«:*il,»-caE** 1X10 "atoms 
/cm J J2Lt 1 xl0 14 atoms/cm 3 «T. <£9 
L. < « 5 x I 0 1 3 a t o m s /c m J JWJb 1X10 
"atoms/cm 3 feTF\ ^Wi5x 1 0"a t o 
ms/cm J W±l xiCatoms/ca 1 fcTF^ 
St5CiiJ»$U>. J/ y a >*ttfitf KSBR*j»A 
T-5 C i K J: 0 . teSW^^^^ffiiSKR^^S© 

g*U0' <I/cm 3 JBLh<OiM5Wa«rt«l6^-*-&J:5 



2000-26196 
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^WS#, IxlO^atoms/cm 1 *iitBS 
?LXPfS£^£3tf£C£#$it<. lxi 0" a torn 

s/cm 1 a{cttsieairBSoK9S(sw i A0^r<«c 

0> *fc^jW^&«te^*^0^«*©JSCi* 

<fc£. tt*. S&$©g3£^#®«, SIMS (Se 
condary Ion Mass Spectros 
copy) C£{C«fc 9 fflJEr**. 

[0016] 3 &K4cMI!<cfeC»?K. ifiES"' =»>¥ 
^ft^S©^^! 3 ** 3 1 x 1 0 16 a t o m s /c m J 
JWT. 1 x l 0 13 a t om s/cm 3 KLkl x 1 0 
"atoms/cm 1 tTF"C* 0 . ^ogEigtfi^Z^ 

?&*rr* 4©-c*ac&jWfj*ui». tefl*J*©Rfc* 

A3 nfcSBRtt^r L fcSSrtKJfr-tcatfTS i«K 

w • awttc j: o ^©asRiiKfc b < HtweriR©2« 

6Lh©«a« "CJSWWec e^HMJE©***®* 6ft&*§l=J 
C*T,ttfci^S I MS-eaiJ^3ti/c¥±^©^ 
M^lxlO^atoms/cm' *j®*5C=>«SiJS 
TTRtlT©*»^trfc*6n«C t*iftS. e©£5tt» 

#-c^> >Bjiwm©jsx«©«BR©«iiM • mmi\m 

©ifiStt+^-e*'?. *©a©Ti-AtcJ:0SHIlcX 

[S]^-Dr^ B a B ^Ri©^ii>-r2.sgK^*io< <E>n> 

ilffi*6IB3 0. 1 MmCCfcttSaS^TO. 1 urn 

£Lh©a* ^©fWW8bwa«»»*'&K jt^ 2 «a 

± (l«JMT) fiTStiSci^r*4. 
S^®«C*iWSigSgS»'rO. 1 um&.±0>&M,XM<D 

{CctO H/cm' KTiT5Ct*»t*4. cn6© 
Igfi^K (3Ei 1/TBBRflftttR) ©SKSiBiSi. ^ 
^Y^©«it«««*5l*!BcL«<«t«3. attLhtcf^ 

jsufc5 s ^^^©i^ao*a{fci/'Cb*9. 

[0018] C ©<£ 9 £r> 'J 3 ■>*aK*WE©IC8*ffi 

tora. cz^ttfilWEi«inczSK:«fc»)±jE©*ft 

BCe"i-S*©"CttftC». L*»L/^c*^. 4*ttli<S** 

1 x l 0 1 * a t oms/cm 3 fiLhl. 5xi0"at 
oms/cm 1 KT©«*«irr«i"J3>l , iiK*ffl 
i>rcz i£X5i!KtiEn»nc z ffi k «fe 0 0 y 3 > 
«sa*> fc-> 3 .1000 -cjy± 

1300 'cvLT<m&? 1 iWHeuJMaa-r * c t^ar 



iSOiDriSinxiO-^*!), 1X10 
"atoms/cm 1 felt 1 . 5 x 1 0 1 ' a t o m s / 
c m J £IT©S**S*T*S' 'J a>IW*m»*itf 1 
xiO-'atoms/cm' IU± 1 x 1 0 1 * a t o m s 
/cm 1 «T©3****l'fcfc»*W*Sl'fS*' 
[00 19] CZft4>U<(±!liiEnMCZS-C*S 
ft*W«-r4IB. 5IJuS«*V (mm/mi n) iU 
S/y 3>KjS#6 1 3 0 0'C*-C©iBJSttH«:*»W'i5l 
*±JfWWl6KOilSftrt«ia«lE© 3 Fifttf*G CC/m 
m) V/G«i*0. 2 (mm 1 Am i 

n) «±©£#©*>4r. 1 0"a t oms 

/cm' feiJb 1 • SxiO^'atoms/cm' JJTFeS 

cntt3l±2S#Jl . 5mm/m i nJiLhr* eft*® 
£XWft# lxi0 1J atoms/cm 3 feLh 1 x 1 0 
■'atoms/cm' «C*H&r&> . *©»R*»&fNiS 

(DZB) ©iS5£ 1 /imJH±J:0*<-*'*Ct*tr* 

So 

[0020] ±E©8icttft+lcSBR*£*t/ktt* 

^©jgs^^R*ffi»3 *° 

«Nt(c« o , &#yi?&@:& 1200 tasftowwyw 
■e*»>. **fe»H«ib"c*«ttir©flaft*^*«<'» 

fel » i * 0 3tS4K«« 3 * * C i l« * ft i » . SIKH © 

^jna?aSK:H uraiooo 'cw± 1 3 o o -c^t, 

3$ L < it 1 10 0 ■CJsLt 1 2 0 0 •caTWaSIST* 

*. aaam^i&s©^:^!^^*© 8 ^*:^. 

SF -5 4ttli+©*HMI^^«#^ 9 « 
»DW5F*aR#iB*ft<ft*. 1 1 5 

ttiewcfttiBft *a i'»^ffl©ffi^n©nas*^ i; 
*. ttc-mmic. jiMaa^*Wia'cs»s-tt*BKtt 

^HOttC^©»»^ *©«R 

ffl*W>. ^t. ! £«ftDZfli©asS*JJ:C«B»Wft 
OA* 6 ©HMH»IH©HP«l*BB 0 ft # S . Ufa 
©SSSSHrrS 4«£W(6C>ilJrc»«lf 4 C 4#M 

[002 1 ] Sfc. *^BJcD^x^{CiJ^-CrtS|5©®^ 

©c©«ft*ffi{cD z«*»5rt^HWB«©*' v * y 
>*n*»-3. i>t>i5>-s i Gf*^B3a©*Maa <® 

*on^ft+IWWHJ«©?i5fiJ6+iWWW*©^S> 
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i»Dza*»%*-3rt8wc*a*©*'f * *J 

o»>xy%*HB©IMHirfB«r*Ci*n!IlfrC*&. 
[0 02 2] |WBffiMa»ltL'Ctt**^*«BOBWai 

*H*##*U*. #BMfcS#*4Lrtt. *!?£&©« 

#x ipo^wimhr©** r 1 1 > 9 *r «^ y •> a 
*©*# ftj*eawtK**-r siWBJi^©* 0 «t>©» 

US©*©WH«s*5. ra#XWaWSftiHKB<b»* 
J^BS-ri/cift^a^r**. *JRft4*©jREte£lMl*> 

[0023] s fctcttK-r &ffia<* it?iA-r * 
^^©fifcr # sis 0 « hf'imwbz c t r*s. 
cms. ^f4©^rt^©»ANF%^ty^rt#Hm^© 

20 M3^DZJi©^tt-M6JMRlB©iB?£n«:^#ftK» 
£-^***:«>r**. CCjSteHbTttWBH^ - 2 9 

7 i 58#rts«or^*44B0-r*a. cncc 

BW»*fiKf5CtKJ:!). Mi©IS»©3E±tt* 
j:9_ktf*c4#«rs*e4*! , iJ«Lr*j»K c©#j* 

tr * c 4 a«Jt£r * * . 
[0024] #nsw/x4 oriWKfcttafflai-cttft 

< . 0 . 0 1 v o 1 %JW± 1 0 0 v o 1 %liCFS 

30 »3R*S^-St!:4^ M » h 4 

mummmtL-cte. r^=f>ft4*©^ffiStt^*HSSi 

©*4LTB^%^g$tl^5> 1 0 0 v o 1 %®M£> 

^*fflu*c 4 4> terser**. ®^s*so. oivoi 

%*?Hr * * 4 . flf^^^o^ft 4'©^*8^©ig 
A%«?g^Wa-l±fe«ft6ft<ft , 3. igs^zg^s^s 
^ y ? h^.< ft*. ^amo^x^^a^B. «Ma 

ffi©iwwa«!i:*r*5. ^PSjBE*^«c^-r*/cft 

SWlga^l. 0MmJ:9^t^4. as^ro. 1 
umJjLh©iea^FS©ffiS^l 0< <B/cm 3 «Tr* 
4fffliM^KJB©II** 1 ym«±4-T*C4*iBitr 

**. 

[0 025] «±©«fc S B a B WfiX©l^«:^^W 
Sti-/cfeS^^a-r*c4{cJ:0. fl6*«fc»)4>IM*. 

so ^*>o^o-fex^©Di6tl4^j>fti,«a^frr. 



fi£*©&MS^ x^n <b H^fiLhO^BUfBE©fi«. fit* 
[0026 ] 

[0 027 ] #*«Htf3f5;W*- 

6. 5~8. 5xl0 l, atomos/cm 3 (f^54© 
jRfficcJ:*) J E I DA©»JMMS*ffl<.^M£> r*o 

fo„ i>rtt©ii3 B B H ^4 0kg©im£?S8su aai 
a c m©tsa*»fc. a*©*** 3 * ' > f - ^©*> y a 
«©ifB»«Kiaii*{c»*>r c t k «t o tf -5 fc. 

[0 02 8] 1) fflR»»I*fTtor5l±i»Klmm/ 

[0 02 9] 2) ®*4©air«*K:^*7X 1 0 15 a 
toms/cm 5 mab. 5l±aKl mm/mi nr« 
6*WfiSOfc. COtS©V/GiIO. 15 (mm 1 / 
•Cm i n) T**. ]&&<DimWL&tS I MS-C#JSO 
fc#. SHMifctHSfi-*' ( ix 10" a toms/cm 

fe a B itiiCfi5xlO , 'atoms/cm 1 ttz-ytc. 
[0030] 3 ) JSMSKDllliKfKa** 5 x 1 0 16 a 
toms/cm 1 *ffl!U 9IJJOE1 mm/mi n~C^ 
UNITES kfc. C©£#©V/G«:0. 15 (mm' / 
•Cm 1 n) -C*S. IS*©a3RaiK*S I MSTfWEL 
fc#. Saittt'iastir (1X1 0 14 a toms/cm 

/j§ffi t t , Kil'34x 1 0* 3 a t om s/cm 3 iSCofc. 
[0 03 1 ] 4) BWW)l«*K««*3xiO"a 
toms/cm' «U ?l±Mlmm/mi nt**S 
ft*«s£G:fc. c<D£t©V/Gi*0. 15 (mm' / 
•Cm i n) -C**. ¥9K8«ffl^*6^©«K*M* 
r*i, ^ B 14 1 «C^2X 1 0 14 a t oms/cm 1 itt 
^©gf&Sft* SIMS TS'JSeT ii- ^ 

[0 03 2] 5) istf4©*»4»<csat* 5 x 1 o l ' a 

t oms/cm 3 jJSiOU 9IJJUE 1 mm/m i n"C*S 
H£W)£b/<u C©i*©V/G(S0. 15 (mm' / 
•Cm i n) -C**. S 1 MSTIEO 

fctt*. »ft«f ©a*i«S«3*l5 x 1 0 1 4 a t o m s / 

cm 3 -Cfcofc. *fcC©S IMSMSE©W. 

S?*©e#K*ft/"C. 2fgJiLhtc^6 < )tciiMrig^ 
«K©ifc*:#Ba>*3nfc. 

[0 03 3] 6 ) DRfi©«sK , 4»«:Sa5* 5 x 1 0 17 a 
toms/cm 5 aSSDO. 5I±»*2 mm/mi ntte 
HfcWl&Lfc. c©£*©V/G»0. 3 (mm' /*C 
mi n) t?*5. ttfl®S0RiSK*S IMST«£Ote 
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&3I *Sr B *©^^±^j5 x 1 0 14 a t oms/c 
m 3 -Cabofc. £fcC©S IMS«>Rg©B£. Wflfcfi 
£©lWC*fLr. 2^±CC©§T& ! ]4Ci« 4 ]nTi^jS 

a©*taa«Ba{>6n/fc. 

[0 0 341 7 ) IKM©lH , l*KafflS*5xi 0"a 
toms/cm' sSSflnU ?|±jUJE 1 mm/m i n"C^ 
SSrWJ&b/c. C©tt©V/G«0. 15 (mm' / 
•Cm i n) Xhh. S I MS-CS-iSU 

fctt#. tta*©^»tt«*» 5xi0"atoms/ 
0 cm 3 rfcofc. £fcC©S IMSS'JS©^ TO&fc 

[0 0 3 5] 8) JS*4©®r«*(CS^2 x l 0 15 a 
t oms/cm 3 »inU ?l±Mlmm/mi ntg 

a*wi«L^. jfc« 4 Ba##';<ki/te*«. a^-,y<d 
s i Ms«eucfg*. tta^osasaKJa* 1 • 5 

xi O^a t oms/cm 5 tifeofc. */cC©SIM 

20 HffWic 4 i^*aa^©***TO6'hfc. 

[003 6] JjU = ©S*SS*6fffiSLft:'!»x^©COP 
&g£a'J;E lfctC5fi 1 ©«t 9 tc&oteo 
[0 03 7] (XttMl) ##0J5> fcJ:tf##{F!l7) 

0 0XTCiFrt«:#AU 0'C/mi nt^Sb 

1 i 0 0-C-C8BnH«»l/*:a. - 1 0' c / m 1 nt?w 

susoo-c-casfciRoajufc. aMasKffl^fc** 

( jn -jfy F # U - * - K <t 0 ^ nfc7 ;U 3 * > * 
30 WtWWHWttltS p pmfirftiofc. C 

(o^^iMBmsm^Mbxmmntbxm^tc tit 

^©»A^«3^WK»W6nfc^-y*9^^tcJ: 

ort-ytm*. «^*?^«si*-c«,»st»»m©*H«* 1 

^*fi!g)5 p P mJMT©r^=f>#H 4 ««:'lofcc4*fl(l 

[0038] jfc^a©«*w**^»©fi*iiK^ s 

«*fWlb"CS IMSriWSbfciC5. ^5X10 14 
atoms/cm 3 "C*-o/c 0 

[00 3 9] JfcjBfflft©K««lB©D Zi©p D aSI:ffi 

40 tztc&ic. mmm^^m^m^c 1000 x:©«« 

i!^Sig-C2 5nm©SW5:ifiSl>. BMbllBE* 

me ufc. WEEaHSic fflofcMB 20mm 1 ©^ y ■> 

3 (Cnrf . J5lfl©«^*w-r 8 M va±©BE*^ U 
l»to«5>-5C*- KK«*wlyfcll^fcBI©*i^tt9 9%t 

Wrt<D 2 0 96K Jt"* A1I^^#* S 12A htltc. * fcWffi 
HSftlOOmA-Cl lMVfct±©WE**l/^*>©©« 

50 [ 0 0 4 0 ] 3 ^KlWBlfi^fXMK**^*^. 
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mi,^>yu. C©WC«WniyWEfflft»0. lam 
jy±CDCOPO««tO^«SWffi*»ttl^fc- «***2 

K^r. jtwrai»©«ai©cop*ia»i 4ffl/*>*^ 

ttO. Hi/cm 1 "C&ofc. 36CCT>*r- 
T«BWk*3R*8H**a 9iIUT&COP ©&ti 1 4 ffl 

/^xnt^i), cop©t^in«^e>n^* 3 "'fc. c 

(DCtfrh. fiS&ITeO. 1 Jimm±©*&AXK©« 
[0 04 1 ] C©**^©DZ 

c<m&<»mmzmww®<t£*) 1 »mii 

U COP ©MBMr o fc. WHVOMKCB 0.1am 
tlhOCOPB201/'?^-C*^/cA s . 7>*-T 
jMMt*«*«fe»*«'3ifi-J'Ci«:<fe»)*iB*0. 1m 
m i»f>^ fcffcfc 0 . 1 ix mJiUiOC O P * MS* 

[0 042] C © 1 a mffg 0 fctf»-C©lMfcMWBE* 

£«jftt* l m AT?8 MVfiLh©»E*^UA:Wfc«Oii 
^«9 5%i9 9%ti6^ «J£«*1 0 OmAri 1 

to 04 3] 3&ccs^±c*©cop©*jflt**fi&r 

Sfcit>lc3 um«BBW»*tT^ (7C©«lH*»6lt 
3 urn). 0. lumJELt©COP©*«*«ffir6i 

2 of@/ -3 saflfirattK. ry*=-T'M 

OP£»J^-f &£©? OflL^'f x^t?*o<fc. C©Ci 

*63hft 3 u m(Dmm%-e o. u m«±©tta^ 

Ri©3gS«3X 1 O'^i/cm 1 £!!«*> 6 ftfc. 

[0044] x®rt§i5-r©^RS®S=&i 1 JST-5fc*K:, 

fl* h*** ? {^«fc 0 «RW***©iIfflfc»"C 0 . 2 

iimfiifca>^aB«)«iK*a»e^fctc*7 x 1 o 6 fi/ 

cm'-cfcO, 0. 1 am£Lh©506«flC»S&^< 

Cctb-< 1 »«T©^B**^* * c o fc. 

[0 04 5] fcfc. COi^tt. IW»K*l>Tt 

x^-C* * C £ #5ll23*lfc. 
[0 04 6] (KEW«2) #*W6) ©-?*^**IBM 
©^MS^#«c «fc *) flffl*?? i fc- 1 ©&&3 £ 

^©jft*aa*#*W6) ©esfrfcfBSofc'J'^K 

mLfc. mSMS&R&MH'S iMSiCj:0S«J»* 
^©•fflRaUSfciBSOfci C 3#J5 x 1 0 14 a t o m 
s/cm 1 ~C&>->tCo 

[0 04 7] B«KlWffl4^fc**' x ®**® 0 - 
1 U mEU:©COP*aC£Lfc («2) iC*l 2ffl/ 
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>>x>vr*9. #J0. ll/cm' r*o3lfc. 3£{C7 

m i,?> te«a93£*tf o r fe«tta<t*r 1 2 <i 

^ffi©aSJ*#-c 0 . 1 m m«ii©S^R5©« «* l 
xlO 1 1/cm' *it?*iCi*b*-»fc. 

[0048] mmm 1 4H*K««Mi<oiMuawB£* 

K^fc (3*3) £C*. *fi£«*l uAT8MVW±© 

sg^*i9 9%r$>o. mssnmi oomAti imvh 

.0 ±©Btff*^U/cfe©©*l-^«9 5K"C*-7fc. 

[0 04 9] C©*:c^©DZJfrt©$GB©**** , < 

c©»R©3iffi*flBiilFJStCJ:9 1 limii 
L, COP©US4fT-3fc. iif»B0. 1 um 
6Lh©COPttl 0ffl/ , ?*^'C*-3/t«»» 7>*-7 
jUMt***ft»«* 0 iE-f c £ K£ 0 ftSi * 0.1m 
m x,f>^l/fcSl0. l U mfiLhOCOP*aH3W* 

1 1 o<i/-5x^-c*«3. &3 i nm<Dmm-ci>m.®& 

JTC 0 . U mJJi±©l6»*l8©«lStt 1X10 1 !/ 
cm' fc. 
20 [ 0 0 5 0 ] 1 M m $f Jg©tt«-C©I&{ URttE 

tC*. «5E«*1 i*At?8MV£Lh©«£#9 9KT? 
$>0 . 1 0 0 mAt 1 1 MVfiLhOWES^U 

?c *>©©«!!-&» 9 5%r$>-o/c. iKOCi*^, KfbB 
■ffi©^*6fc*M^©**lH**S 1 Mmr©*£ 

[005 1 ] DZ«*©«fi®Wl*"'**^ 
®«c«iiWS«: «t 0 3 6(C 2 a m <«»J©aiH<fc 0 3m 
m) W*«©0. 1 nmJLhOCOPMK 

fiiieffl/^'C*^. TZs^-TiSMitfcM 
30 *jJfe»ft««3iSU 3l®*0. UmJj^feft 
K«^i2 1i/^*D.IW?0. 1 

umja±©e*fcK©«KW3 x i o j ffl/cm 1 £m 
fflfe 6nfc„ $ ?c^{b®sB)i©ffi»flsm^ ua-cs 

MVfiLh©*^**^ 5 0 . mnnffi l 0 0 mAt 

©5IJJO[*«ae>6CiK:J:»)«l»>6J:0*<*"CX 
pg^?fi^{ 3 * * C £ # * C £ **m 3 titc 0 

[0052] at«rt»-c©^iB*flE*itte-r*fc*K. 
40 ^ h ^^7 7{Cct«3a«if*^©es^^°- 2 

M mWi©^©^^^^^ Lfc£C^9xl0 5 fi/ 
c m 5 r * 0 . 0 . 1 u m«±©^R53f K» 3 6 K:^ < 

x l 0 s {S/cm 3 *?ir*>Sc£^6. 
rt»Ktt^ 1 %UT(DX!&®m-e2>ZC i ofc. 
[005 3] tt*J. cOJ^tt. *ffiW 1 £I^«(CS 
«rtg5{C*5t,»T t,«B^PB9©J5iW©^«*>«8*e»^ 

[0054] (#^W9) #*t^6) ©teSA»6f^fiS0 
50 'J =i 8 0 0 'C-C^rt (C#A L . #AfS 1 0 



(8) 

13 

•C/m i n-CMU-L 1 1 0 0*0^8 ~ 
1 0 -C/m i n -CS&a L 8 0 0 -CrS*** 0 W Ofc. 
fit, 1 £Sft 9 . »AB*WR©*^*H»* 

C^^)5'x 1 0 1 * a t om s/c m 1 -Chile 

[0055] &m£©««m©d ZI©n D B S^l 

3) iC5, «JEW*1 (iAtS8MV£l±OBE 

HifclOOmACl iMVJa±©Bffi*^l>fc*»©ttl 
[0 05 6 ] «M5ffla©0. 1 jimfiLhCCOP**'* 

Uc ^a«©aa©co p«s»*j6 ooo (H/f 
«BMt*«*ft»*a oiETctJCcto mm* o . 

Umi7f>yU^0. 1 MmJ£LL©COP£SI 
^b-cfeCOP©if*n«^M©l5Hrt-c*0. KfittS 

fefffiLTl»fc6 0 0 0«/'J*^<DCOP©fc»KjE 
[0 057 ] C ©J: 9 KB«*£tf*H*l"e*Mi*fc* 

Lfc**©ass38B«:«. is*«eK* , «*-i-*fc*. 

[0058] (fSSfifl 3 ) ##0>J9 -Ct#5n/c««K:o 

m*llWWl>fc»R*fBfct'fc. «Bi«©*ll©0. 1 
(imKliOCOPttl 4«/**^t?*«3. #J0. lfl 
/cm' T^fe. 3 6K7>*-TiMMfc****» 

tBWciioai/rcopa>(ttmBK*W"r*i 1 x 

10'iS/cm 1 C*o/c (H2) . 

*mX& 1 M A C© 8 MV ELL©**^ 9 5 «. 1 0 0 
mA-Cl lMVtLh©fe©* s 9 0%-C&o/c„ 

C ft o fc (^am©*«*®^ e>£ff 2 M m 
©WB) . t©S«©iSa&3rcO. l/im«l©iS 
KP§©«K* T T jfi88<fc*^*©*g 0 £ t 
&*)ffl&?&t* 9X10 5 ii/cm J T&ofc. rlKfc 
|g©itJE*Pl^fciC3. «£««1mA-C©8MV« 
_b©«£# 9 0%. 1 0 0 mA-C 1 1 MVW±©4>©# 
8 5 9^ *ft i ^ 

[0060] sfirtas-co^PS^s^s^-rsfcfcje. 

U mKUi©WB©««*W«^ teic * 9 x 1 ° W 
cm'-C&D. 0. l ymW±©^PS«««^^ {c ^< 
tt* C©»«©fl®*»6&3 0. 1 MmiCfcttSKPS 
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Mliix 1 0 1 ®/cm 3 tWCiH, 
Celt's. 1 ««T©^K*K-C*4Ci«s*3*ofc. 
[006 1 ] WJb©»**6. W^®^'^ 1 w 
mWSUT*ffl©COP*H*TSC£KJ:»). 

cm 3 WT-C*Site^RS®©^$* J l umfiLht?*** 
XM#fft£-C * & C <b tffc* o fc. 
[0 06 2] tt*S. C©f*^fe. «B^aK*«.»"C« 

«fXB^©awioxB *>f2# h nr. wana -> v =» > 

[006 3] 0) SMMH3©S**3e>Kl 

iimffi* (^SHfroS^a^^Sum) ft. H*K 
fflS&g-C o . U m ^©feS^©****^ s 
67X10' I/cb' r*»3 (H2). BHfclHffitt 
*B£«« 1 M Ar©8 MVfcLL©&f£#7 5 %. 10 0 
mA-Cl lMVJiU:©4>©#3 0%C4>«9 (3*3 > . ffl 

*i% w**irr t . stfewswt-r s c £ t> *>*o fc. 

[0 064] < tfcRW 1 ) #*«©S^lMtBWE© 
fttt*±fc i |SI«^^S-CS« 1/ tc 0 -e©^*?:^4 (C 

[0 06 5] (ifctaW2) ) . 2) ©JSSKW 

urnssw i ©KyfiaWT^. Jtm&tf&s 1 um, 3 
u m ©c o p ^sRo'@{biSi»E©a']« owasa 
5, 65c^-r. ^rnc^t^sum-c©!^ 

-CO . 1 (imKiOiM©®** 5 1 x 1 0 4 ffl/c 

[006 6] (Jtf5^3 ) #*«8 ) ©ttSKW UfStt 
Wl©j|M , J«*m». 1 Mm. 3 Mm©C 

:0 OPaaERa f K<fcRi*E©*J5£ , vfctt*** 5 - 6(C7n 
f. itSgiSfCO. 1 MmJil±©COPSK«*^W© 

mrntm . * fc^fs^ 1 «c< ^^BMtHHE^esra 

*FC*-3fc4©©. «iiF«i»K«*OtiSS?fi 1 0wm 
©S)l^Pi5!»««rt^J:^«cB*" c ^^ til0 " cl ' i " r ^ * 
«SHB«:J3W4aa«»0. ■ 1 

0 . 1 ii mfei±©^ B B B ^RS©#»Sg i b T tt 5 x 1 0 

« <i/cm j t»t9. ^^^©flSEwaais 
40 [0 06 7] (**m)#*«3) . 4) ©ea*f£ 

ttiMlMl^^ aiiS^iSS 1 Mm, 3 Mm© 
CO P2fSR^tWlE©S l iSb/c*S*^*7 . 8 Ct 

+&©s*«K*W3et'fc* 1 * **W3> . 4) ^rn 
©tsa«>. aaj©«««*ft*-»^- 

m„^7-)> K©fi^S© 2 <&«±©ffi-5HSffi-Cg 
^© •BMWft fs-^©^* 5 ^* ^> 

[006 8] 

[^11 

50 



ftfflZO 0 0 - 2 6 1 9 6 



O.lMmi 


1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


A 


2 0 0 0 


2 0 0 0 


2 0 0 0 


1 0 0 Oj 


0 


0 


0 


0 


B 


4 0 0 0 


4 0 0 0 


4 0 0 0 


5 0 0 0 


6 0 0 0 


8 0 0 0 


6 0 0 0 


6 0 0 0 



0.1m m©xy > tftfii fc«©COPffl« 



[0069] 



*10* 











mmw3 


isa 


5) 


7) 


6) 


6) 




<1 E + O 3 


<1 E + 0 3 


<1 E + 0 3 




1 iimSfa 


3E+0 3 


3E+0 3 


<lE+03 


1 E+ 0 3 


3 /tmiff* 


3 E+ 0 4 


3E+ 0 4 


3E+0 3 


7E + 0 5 



(7 E + o 5) n*mm o 



[0070] 



•* 385 [*31 



1 mA 
1 0 0 mA 



1 mA 
1 0 0mA 



1 (lA 
1 0 0 mA 



9 0 
8 0 



saggy 

6) 
9 0 



7 5 
3 0 



[007 1] 



★30* C*4] 













l) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


A 


2 3 


23 


2 0 


1 0 


0 


0 


0 


0 


B 


8 


8 


0 


0 


0 


0 


0 


0 



[0072] 



[0 073] 



★ * [*5] 









fc«Sfc|3 




i) 


2) 


8) 


SEffl 


<1 E + 0 3 


<1 E + 0 3 


<1 E + 0 3 


1 <iinW* 


3E + 0 5 


3E+0 5 


SE+0 3 


3 utaStm 


3E+0 5 


3E + 0 5 


5E+04 
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tttwvs 






1) 


2) 


5) 




1 0 OraA 


9 5 
9 2 


99 
95 


99 
9 5 


1 nmffl 


1/iA 
1 OOrnA 


7 5 
1 7 


7 5 
1 7 


9 0 
8 0 




1 At A 
1 0 OmA 


3 2 
1 3 


3 2 
1 3 


9 0 
80 



[0074] 
[«7] 



* [0075] 
[$8] 





*B«4 


£JS«4 


sea 


3) 


4) 


a® 


<lE+0 3 


<1 E + 0 3 


I ttraSFtf 


1E+04 


5E+0 3 


3 umff* 


SE+-04 


3E+0 4 







*SfiW4 


*SSM4 






3) 


4) 




UA 


9 5 


9 9 




1 0 OmA 


92 


9 5 


1 ymWS 


IMA 


90 


9 2 




1 0 0mA 


8 5 


90 


3 AtmSflB 


luA 


70 , 


9 0 




1 0 OmA 


60 


8 0 



[0076] 



* [ 0 0 7 7 ] fcWKOS' a 

arc s a c £ *» & . *fM»ciiWfc*i&* 

55 <«ft-r*Ci3WnIffit 



#^JI|»JI|(BSrt*SK#ffl3 -35- 1 



»£JI|»JI|»rli*JKK#ffl3-3S- 1 
LUD*^:rfJftBB3434#i{il it»-f-y« 



fSPfl 2000-26196 



] &&&& 1 7 &<D 2 <D®3&C Jt *»IE©8S*S 

:»RS] ^14^1^2 3 B (2 0 0 2. 1. 2 3) 

l&m*l #§32 0 0 0 - 2 6 1 9 6 < P 2 0 0 0 - 2 6 1 
[&HB] ¥j£12¥1£25H(2000. 1. 25) 

&WR*F&* 12-262 
[ttUHH»] 1 -84 9 1 5 



HOSK 9/00 




B32B 15/05 




C09J 9/02 




11/04 




11/06 




109/02 




121/00 




161/06 




C30B 29/06 








33/02 




H01L 21/208 




21/322 




F I] 




H05K 9/00 


W 




R 


B32B 15/06 


Z 


C093 9/02 




11/04 




11/06 




109/02 




C30B 29/06 


A 




502 H 


33/02 




H01L 21/208 


P 


21/322 


Y 



C*ttMiE»] 

mmal ¥fiRl 3¥6fl7B (200 1. 6. 7) 

7 ju * * -sac <t *o WfiS o fc-> y =i >n**§ j§*> e f#/o 

$ 1 umg-COMJsStcfc^-C aC8»*T?0. 1 umlZX 



[fi|3fQ9 2 ] 3 >*3H«HR©»* t t 1 ^«:*JW > z> 
WM^Aftl xi0"at oms/cm'Wll x l 
0" a t o m s /c m 3 J2TFr*i»#S 1 !B$£©-> 'J 

ci»*a 3 ] ^ >; a >¥^fflsto3flte*r«# i x 

lCatoms/cm'timO, *>o^S«*% 

msso 2 fswioft^^s^^^^swtc j: i> mm& 

gJ*4^WS# 1 x 1 0 l3 a t 0Es/cm J 6ltl x l 
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s© 2 ew±©fi#«B[4 w-rsas«*f ^ J; 4SBfi«t 

*s » sasawc 0 . 1 u m«±©tta^«i ©B*S# 
ll/cm'OTt*!). *»^S««1H*5»S0. 1 

^^kCCfctf SilS^** 5 i x 1 0 11 a t o m s 
/cm J W±l xl0"at oms/cm'KTrWC 

[«#JI6] lXlO^atoms/cm'tlll- 
5 x 1 0 1 ' a t oms/cm 5 t(T©I^SttS'> 

fcV -J ^ i o o 0 ° CJ ^ 1 3 0 0 

Tvmx i ismafcaaar * £ t sra® tr^ u 

[SWOB 7 1 >JM6ft* f3 95;W=f -ffiX 



Ja«flt*V (mm/m in). > U =» >©& J**» & 1 3 
0. 2 (mmVCmi n) SMSriftff-CWBR-r* 

st^is 6 lets©^ y 3 >*5S#ss©iBt^fe 

r§§^j9l awt8H»»<0^» «»«ffff 5 p p mETF 

«32©&g:fr&. 

r teas! i 2 ] 3*att*»g©4> ft < ± yg^lfr 

g»lum*-g©Watej8C^ fggfeg-CO. ltfm 
J?J h ©tefift«©« BW* 1 0 * « / ^ m ' PIT-Cft S C & 

■) 3 >-|!i{BWM)KiBfS. 



-W 2- 



